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57 ABSTRACT 

An apparatus and method for determining the individual 
mass flow rates of a multi-component flow. Individual 
components of the multi-component flow have different 
products of longitudinal relaxation time and flow velocity. 
Two or more arrangements of magnets and flow sensors are 
arranged along a pipeline. A static magnetic field is imposed 
on the flow. The linear movement of the flow then generates 
a multi-exponential gain of magnetization. By interrogating 
the flow at several positions, the magnetization and velocity 
is measured simultaneously in different positions.The multi 
exponential gain of magnetization and determination of the 
equilibrium magnetization of each component thermal equi 
librium can then be determined. The mass flow rates in the 
individual components can then be determined. 

32 Claims, 5 Drawing Sheets 

111-I I-12 113-I, 114-I, 115 

1 1 6. 119 

7 7NT 777-777-377.7 NT/7, 7R 7 252S252NSN252NSN22NSN25/NSWS 
117 118 128 

-r-, --- - 120 - 

Data on Fluid Velocity 
and Magnetization 

NMR (EMR) V.M. 
Detection 
Apparatus 121 

Storage Unit 

Arithmetic Processor 

Flow w-m-ups 

--- 123 
. 

Switch Unit instantaneous 
Mass FOW Rates 

Triqqer Sional dm1dm2 dimn 
4.99 Time BaseN-126 dt dt, df 
Measurement Total Mass Flow 

127 Summation Circuit m1, m2, mn 

  

  

  



U.S. Patent Nov. 4, 1997 Sheet 1 of 5 5,684,399 

S2 
11 1 12 13 14. 

15 N NANN V. 
N7 N7 NSNSNSNs 

Apparatus at Position 1 Apparatus at Position 2 

17' 19 '8 
- D - D2- D3 D. 

FIG 1 

Magnetic Field Strength H(s) 
D1 D2 DB Dl. 

s!" is H0 s. 21. --S 
D 

25 

S1 
S2 

Position 1 Position 2 
FIG 2 Distances 

  

  

  



U.S. Patent Nov. 4, 1997 Sheet 2 of 5 5,684.399 

Magnetization M(s) 

Position 1 Position 2 
Distance S F/G3 

Flow 

NMR (EMR) NMR (EMR) NMR (EMR) 
Flow Sensor Flow SensOr Flow SensOr 
at Position 1 15 Position 2 s Position in 

FIG.4 

    

  



U.S. Patent Nov. 4, 1997 Sheet 3 of 5 5,684,399 

Magnetization M(s) Main Flow Direction 

a- amm al 

Position 1 Position 2 Position in 
FIG 5 Distances 

Reversed Flow Direction 
Magnetization M(s) 

Position 1 Position 2 Position in 
Distances FIG.6 

  



U.S. Patent Nov. 4, 1997 Sheet 4 of 5 5,684,399 

72 70 Zl Xl 

Yl re Y 
71 7l 

NMR (EMR) Flow 
SensOr at 
Position 1 
80 

Data On Fluid 
Velocity and 84. Magnetization 

instantaneous 
Mass Flow 
Rates 

dm1 dm2 dimn 
a mand motion 

dt df dt 
Trigger Signal 
for the next 
Measurement 

88 89 90 
87 Total Mass 

e Summation CircuitH Ex mn 
FIG.8 

    
    

  

  

    

    

    

  

  

    

  



5,684,399 Sheet 5 of 5 Nov. 4, 1997 U.S. Patent 

|?UBUBJnse3W 

%Z?ŠNZ$Z 
  

  

  

  

  



5,684.399 
1 

DETECTION OF MAGNETIZED FLUID 
FLOWS 

The present invention relates to a method and apparatus 
using the longitudinal relaxation effect in NMR or EMR to 
distinguish between the different components of a multi 
component flow. 

The principles of nuclear magnetic resonance (NMR) or 
electron magnetic resonance (EMR) provide an excellent 
basis to construct and operate a flowmeter that is ideal for 
measuring the individual mass flow rates of a multi 
component flow without mixture separation. Such applica 
tions of the NMR or EMR principles have not been practised 
at the present time. 

The invention is concerned with a method and apparatus 
for the measurement of the individual mass flow rates of a 
multi-component flow. Multi-component flows occur in 
various areas of technology. Amongst them is, for example, 
the production of oil wells which can be a mixture of oil and 
water. In oil production it is important for fiscal and tech 
nical reasons to measure the individual mass flow rates of 
the well production. At the moment, this is done by sepa 
rating the flow into its individual components and measuring 
the flow in its single phase state with conventional meters. 
Such a measurement method is technically elaborate. It is 
the object of this invention to do without separators and 
measure the individual mass flow rates of a multi 
component flow in an unconditioned state. This may be 
particularly important when the well is underwater or in a 
location difficult to access. 

Another object of the invention is to provide a non 
invasive measurement of the multi-component flow. In 
practice, multi-component flows often contain small 
amounts of abrasive components. One example are minerals 
in the production of an oil well. To provide a suitable 
measurement method in such a situation, it is desirable to 
have a mechanically simple apparatus with no moving parts 
in the flow avoiding wear of the flowmeter. Towards this, 
magnetic resonance techniques (NMR and EMR) are uti 
lized to sense the different components of the flow. NMR or 
EMR sensing techniques principally are very advantageous 
in providing such a measurement method since the sensor is 
a simple coil wound around a pipe giving no obstruction to 
the flow. 

Another object of the invention is to provide a measure 
ment of the multi-component flow based on the longitudinal 
relaxation effect of either nuclei or electrons. Subject to the 
longitudinal relaxation can be various elements. In NMR, 
the element of interest may be hydrogen. Carbon com 
pounds may be especially rich in free electrons subject to 
EMR measurement. 

Hydrogen nuclei, which are abundant in substances like 
crude oil or water, have a magnetic moment due to the spin 
of the protons. If such nuclei are brought into an external 
magnetic field they align themselves along the field direction 
resulting in a net magnetization of the hydrogen containing 
material. The process which allows that kind of magnetiza 
tion is called the longitudinal relaxation. In literature, the 
same process is also called thermal or spin-lattice relaxation. 
The rate at which the nuclei align themselves in the magnetic 
field in NMR is described by the longitudinal relaxation time 
T. Unpaired electrons are also subject to the same relax 
ation process in EMR. 

Significant in this invention is the fact that the longitu 
dinal relaxation time T is a specific constant and different 
for different materials. For example, the longitudinal relax 
ation time of hydrogen nuclei in oil is significantly shorter 
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2 
than the longitudinal relaxation time of hydrogen nuclei in 
water. This, as will be seen later, permits the distinction 
between the different components of a multi-component 
flow provided the individual components of the flow show 
different products of longitudinal relaxation times T and 
corresponding velocity v. 

To measure the individual mass flow rates of a multi 
component flow the invention uses a combination of several 
magnets and NMR (or EMR) flow sensors aligned along a 
pipeline. In one embodiment of this apparatus, a group of 
polarizing and detection magnets is assembled giving an 
almost constant magnetic field Hoover a sufficient length. In 
the magnetic field Ho a pipe of non-magnetic material is 
placed. 

If a multi component fluid, whose individual components 
have a magnetic moment, is exposed to the magnetic field 
Ho of this magnet arrangement, a magnetization process 
starts. For explanation purposes, consider a fluid element of 
the flow entering the magnet arrangement. For reasons of 
simplicity, plug flow is assumed for this consideration. 
When entering the magnetic arrangement, the material of the 
fluid element experiences a sudden change of the external 
magnetic field from zero to H. While the fluid element is 
moving along the non-magnetic pipe-section, the enclosed 
material within the fluid element is being polarized, i.e. the 
nuclei or free electrons of the individual components of the 
flow align themselves along the field direction. The move 
ment of the flow changes this gain of fluid magnetization in 
time into a gain of fluid magnetization along a geometric 
distance. 

Consider the instance where the flow rate of a single 
component flow is constant. In such a case, the exponential 
gain of magnetization in time is changed into an exponential 
gain of magnetization along the pipeline due to the linear 
movement of the flow. If the flow, however, is a multi 
component flow, there is a superposition of the magnetiza 
tion processes of the individual components of the flow. For 
every point in the magnetic field Ho of the magnet arrange 
ment the total magnetization of the multi-component flow is 
the sum of the magnetization of its individual components. 
If the product of fluid velocity v and longitudinal relaxation 
time T is different for each individual component this 
results in a multi-exponential gain of magnetization along 
the pipeline. 

The existence of such a multi-exponential magnetization 
curve is very advantageous for measuring the mass flow 
rates of the individual components of the flow, since the 
curve contains information on the individual components of 
the flow. The exact shape of the multi-exponential magne 
tization curve is determined by the fluid velocity v (which is 
assumed to be equal for each component). the longitudinal 
relaxation times T of the individual components, and the 
equilibrium magnetization Mo of the individual components 
in thermal equilibrium. The value of the equilibrium mag 
netization Mo of the individual components is determined by 
the number of spins each individual component contributes 
to the total number of spins in a given reference volume. In 
general, the reference volume is the volume excited by an 
initial RF-pulse. 

Consider now the case where following of the parameter 
have been determined previously: the values of the longi 
tudinal relaxation times T of the individual components, 
and the flow velocity v with a suitable NMR (or EMR) 
sensing technique. In such a case, the exact shape of the 
multi-exponential magnetization curve for a multi 
components flow with n components is determined by n 
values for the equilibrium magnetization Mo, Moz. . . . , 
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M. If the gain of magnetization M(s) along the pipeline is 
measured at least at n positions, a system of n equations for 
the measured local magnetization M1, M2 . . . , M of the 
flow with n unknown values for the equilibrium magneti 
zations Mo, Mo, . . . , Mo is yielded. A suitable math 
ematical algorithm allows the calculation of the equilibrium 
magnetizations M, Mo, . . . and Mo of the individual 
components. The calculated values of Mo, Moz. ... and Mo 
are a quantitative measure of the mass of each individual 
component present in the flow. The products of velocity v 
and equilibrium magnetizations Moi, Moz. . . . , Mo, hence, 
are proportional to the individual mass flow rates of the 
multi-component flow. They can be converted into mass 
flow rates by means of suitable calibration factors. 

In essence, the method to evaluate the information of the 
multi-exponential magnetization curve is to measure fluid 
magnetization M, M . . . , M, and velocity v at several 
positions within the magnet arrangement. Fluid magnetiza 
tion and fluid velocity are obtained by suitable pulse tech 
niques. 

In the preferred method, a pulse technique in combina 
tion with field gradients is used for measuring fluid magne 
tization M and fluid velocity v (U.S. Pat. No. 4,536,711). To 
supply an appropriate field gradient, special detection mag 
nets having a linear gradient are suggested to be used. An 
initial burst of HF fed into the RF-coil winded around the 
non-magnetic pipe excites a volume of interest in the pipe 
flow. This excited volume is being refocussed by another 
suitable burst of HF after a time t, and a spin-echo after time 
2t is obtained. Phase information and amplitude of this 
spin-echo are measured with the NMR or EMR detection 
apparatus. In a flow situation, the spins of the excited 
volume are changing their position in the field gradient 
during the time 2, and the emitted HF of the refocussed 
volume is shifted in its phase, since the magnetic environ 
ment of the spins is changed. If the gradient is linear, the 
phase shift is proportional to fluid velocity. In that way, 
information on fluid velocity is obtained. In addition to this, 
the peak of the FID following the initial excitation pulse is 
proportional to the magnetization M of the excited volume. 
Another way of measuring the magnetization M of the 
excited volume is to determine the amplitude of the NMR 
(or EMR) signal of the spin-echo. 

In order to sample fluid magnetization and fluid velocity 
with said pulse method, at several positions in the flow, a 
special control unit triggers the NMR (or EMR) flow sensors 
aligned along the pipeline with a suitable signal for mea 
surements. When the measurements have been completed, 
data of the individual flow sensors is transferred to the 
control unit. On board the control unit the data is stored in 
a suitable storage unit and data evaluation is performed with 
an arithmetic processor. This processor calculates, based on 
the data of velocity v and fluid magnetization M1, M2, . . . 
, M, the instantaneous mass flow rates of the individual 
components of the flow. A suitable time base allows the 
integration of these instantaneous flow rates to yield the total 
mass flow of the individual components flown through the 
pipe since summation started. The time base is also needed 
to trigger the measurements of the individual NMR (or 
EMR) flow sensors. 

As the gain of net magnetization is governed by the 
T-relaxation effect, the achieved extent of fluid magneti 
zation depends on the T-relaxation time of the individual 
components and how much time the material did have to 
remain in the external magnetic field Ho. Obviously, in a 
flow situation, the time the fluid has to get magnetized, 
depends on the velocity of the flow. To get good accuracy 
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4 
with the invented measurement apparatus, it is desirable that 
the multi-component fluid is almost fully magnetized when 
it leaves the measurement arrangement. To achieve this, the 
total length of the magnet arrangement needs to be chosen 
correspondingly. 

According to the present invention, there is provided an 
apparatus for measuring individual mass flow rates of fluid 
components of a multi-component flow, irrespective of flow 
direction wherein the flow consists of two or more compo 
ments each with different products of flow velocity and 
longitudinal relaxation time, and wherein the apparatus 
comprises magnet means for forming a magnetic field 
perpendicular to the flow direction along the pipe, the field 
being generated by a plurality of polarizing magnets, a 
detection magnet located between any respective two polar 
izing magnets, a pipe of non magnetic material in the field 
of the polarizing and detection magnets; a respective number 
of RF-coils each placed in the field of a respective detection 
magnet and disposed at right angles to the field direction and 
wound around the non-magnetic pipe, an NMR or EMR 
detection apparatus connectible or connected to a respective 
one of said coils, the apparatus detecting magnetization and 
velocity of the flowing material, means for selectively 
initiating operation of each said NMR or EMR detection 
apparatus, and means for measurement of, and for 
collecting, storing and evaluating information on, velocity 
and magnetization of each NMR or EMR detection 
apparatus, thereby to compute the mass of flow of the 
individual components of the flow. 

Preferably said arrangement of detection and polarizing 
magnets is of such length as to produce a multi-exponential 
gain of magnetization along the length of the non-magnetic 
pupe. 

The arrangement of detection and polarizing magnets 
may be of such length as to give substantial saturation when 
the multi-component flow exits the apparatus. 

The polarizing magnets may be of such length as to place 
the interspaced detection magnets at optimum positions 
along the pipe, thereby to allow sampling of the multi 
exponential magnetization curve with good resolution. 

Said detection magnets may be of such size as to house 
said RF-coils. 

When there are a plurality of NMR or EMR detection 
apparatuses, they may be so controlled that only one may be 
operated at any instant, using a suitable time base. 

The means to control the detection apparatuses may read 
in the magnetic resonance data containing information on 
flow velocity and magnetization, after the measurement 
procedure of an individual NMR or EMR detection appa 
ratus has been completed. 

The control means may include means for storing the 
magnetic resonance data of the individual NMR or EMR 
detection apparatuses. 

The control means may comprise an arithmetic or other 
processor to calculate, based on the velocity and magneti 
zation readings, the instantaneous mass flow rates of the 
individual components of the flow. 

The control means may comprise a time base to integrate 
the instantaneous mass flow rates yielding the total flow 
from the individual components. 

According to a second aspect of the present invention, 
there is provided an apparatus for measuringindividual mass 
flow rates of a multi-component fluid flow, irrespective of 
flow direction, wherein the flow comprises in components, 
each with a different product of flow velocity and longitu 
dinal relaxation time, and wherein the apparatus comprises 
magnet means for forming a magnetic field perpendicular to 
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the flow direction along a pipe, the field being generated by 
n+1 polarizing magnets, in detection magnets each located 
between two polarizing magnets, a pipe of non-magnetic 
material in the field of the polarizing and detection magnets, 
in RF coils located in the field of said detection magnets at 5 
right angles to the field direction and wound around the 
non-magnetic pipe, one NMR or EMR detection apparatus 
connected periodically to each of said coils via a switch unit, 
the apparatus giving information on magnetization and 
velocity of the flowing material, control means for switching 
said at least one NMR or EMR detection apparatus to a 
respective RF-coil, for triggering the apparatus for measure 
ment and for collecting, storing and evaluating the informa 
tion on velocity and magnetization of the NMR or EMR 
detection apparatus. 

The arrangement of detection and polarizing magnets is 1 
preferably of such length as to produce a multi-exponential 
gain of magnetization along the non-magnetic pipe. 

The arrangement of detection and polarizing magnets is 
of suitable length to give substantial saturation when the 
multi-component flow leaves the measurement apparatus. 20 

The polarizing magnets are advantageously of suitable 
length to locate the interspaced detection magnets at opti 
mum positions along the pipe, to allow the sampling of the 
multi-exponential magnetization curve with good resolu 
tion. 25 

Preferably said detection magnets are of such size as to 
enable housing therewithin of said RF-coils. 

The control means may comprise a switch unit to connect 
and disconnect an NMR or EMR detection apparatus to any 
one or more of said RF-coils. 30 

The control means advantageously reads in magnetic 
resonance data containing information on fluid velocity and 
magnetization, after the measurement procedure of the 
NMR or EMR detection apparatus has been completed. 

In this case the control means includes means for storing 35 
the magnetic resonance data of the NMR or EMR detection 
apparatus individually for each connected RF-coil. 

The control means may comprise an arithmetic or other 
processor to calculate, based on the velocity and magneti 
zation readings, the instantaneous mass flow rates of the 40 
individual components of the flow. 

The control means may comprise a time base to integrate 
the instantaneous mass flow rates yielding the total flow 
from the individual components. 

According to a third aspect of the present invention, there 45 
is provided a method of determining the individual mass 
flow rates of a multi-component flow, wherein the flowing 
multi-component substance consists of n components, each 
having different products of flow velocity and longitudinal 
relaxation time, the method comprising the steps of creating 50 
a magnetic field across the path of said flow, the field having 
a specified field strength which is the same for all polariza 
tion and detection magnets, generating a multi-exponential 
gain of magnetization for any desired one of the components 
of the flow along the main flow direction, by magnetizing 55 
the oncoming multi-component flow until the components 
of the flow are substantially saturated, operating the or each 
NMR or EMR detection apparatus such that only one of the 
RF-coils is interrogating the multi-component flow at any 
instant, measuring flow velocity and magnetization of n 60 
flowing elements of interest an in positions within the 
arrangement of polarization and detection magnets, the 
measured data of flow velocity and magnetization being 
dependant on flow rates and composition of the flow. 

Preferably the calculated equilibrium magnetization of 65 
the individual components of the flow provide a measure of 
the mass concentrations of each component of the flow. 

10 

6 
The product of velocity and equilibrium magnetization of 

the individual components may provide a measure of the 
instantaneous mass flow rate of each individual component 
of the flow. 

The measure of the instantaneous mass flow rates of the 
individual components of the flow may be integrated to 
provide a measure of the total flow. 

The method may include the step of generating a multi 
exponential gain of magnetization for an element of interest, 
in the magnet arrangement, against the main flow direction, 
by magnetizing the back flowing multi-component flow 
until the components of the flow are substantially saturated. 

Advantageously the product of velocity and equilibrium 
magnetization of the individual components provides a 
measure of the instantaneous mass flow rates of the back 
flowing individual components of the flow. 

In this case, the measure of the instantaneous mass flow 
rates of the individual components of the flow is integrated 
to provide a measure of the backflowing total flow. 

Embodiments of the present invention will now be 
described by way of example and with reference to the 
accompanying drawings, in which: 

FIG. 1 is a view showing the apparatus for measuring the 
individual mass flow rates of a two-component flow con 
sisting of a non-magnetic pipe placed into the magnetic field 
of an arrangement of two NMR (or EMR) flow sensors and 
two polarizing magnets; 

FIG. 2, shows the idealized and the actual field strength 
in the preferred embodiment of FIG. 1. 

FIG. 3 shows the bi-exponential gain of fluid magneti 
zation in the apparatus of FIG. 1; 

FIG. 4 is an advantageous modification of the apparatus 
for measuring the individual mass flow rates of a multi 
component flow of FIG. 1 consisting of an arrangement of 
nNMR (or EMR) flow sensors and n+1 polarizing magnets. 
The modification allows measuring a multi-component flow 
with n components in both flow directions; 

FIG. 5 shows the multi-exponential gain of fluid mag 
netization in the apparatus of FIG. 4 for the main flow 
direction; 

FIG. 6 shows the multi-exponential gain of fluid mag 
netization in the apparatus of FIG. 4 for the reversed flow 
direction; 

FIG. 7 is a diagram of the rotating frame of reference 
illustrating the phase shift of the spin-echo for a sample of 
spins moving along a gradient field; 

FIG. 8 is a block diagram showing the function of the 
control unit of the apparatus of FIG. 1 and FIG. 4; and 

FIG. 9 is a view showing the apparatus of FIG. 4 further 
modified to operate the RF-coils of all NMR (or EMR) flow 
sensors with only one single NMR (EMR) detection appa 
ratus. 

Attention is first directed to FIG. 1 of the drawings. In 
FIG. 1, the numeral 10 identifies a pipe or conduit which 
carries a flowing multi-component fluid which is to be 
measured for flow velocity and fluid magnetization. At this 
portion, the pipe 10 has some material flowing in it, the 
material typically being a mixture of oil and water. The 
portion of the pipeline shown in FIG. 1 is preferably made 
of non-magnetic material so that lines of magnetic flux can 
pass through the pipe 10. 

The pipe 10 is placed in a magnet arrangement consisting 
of two polarizing magnets 11 and 13, and two detection 
magnets 12 and 14. Almagnets 11, 12, 13, and 14 have to 
have the same orientation in field direction. In FIG. 1, the 
north pole pieces of the magnets 11 12, 13 and 14 are placed 
on top of the pipe 10 and the southpole pieces at the bottom. 
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Needless to say, the common orientation could also be 
reversed. All magnets 11, 12, 13 and 14 impose a magnetic 
field H on the flow which is perpendicular to flow direction. 
As the measurement principle of this invention is explained 
based on gradient field methods, the magnets 12 and 14 are 
shown tapered so that the air gap between the poles changes 
along the flow direction. In FIG. 1 the air gap of magnet 12 
and 14 is shown to increase along flow direction which is 
identified as a negative gradient. The magnets 12 and 14, of 
course, could also provide a positive gradient along the flow 
direction which would mean a decrease of the air gap along 
flow direction. Provided suitable alternate flow sensing 
techniques are used, which do not rely on gradient fields, it 
may also be appropriate to manufacture the detection mag 
nets 12 and 14 with zero field gradient, i.e. the magnetic field 
would be homogenous as the magnetic field of the polarizing 
magnets 11 and 13. 

The length D, of polarizing magnet 11, the length D of 
detection magnet 12, the length D of polarizing magnet 13 
and the length D of detection magnet 14 are subject to 
operational requirements of the flow meter. If, for example, 
an oil/water mix with an average flow velocity of 3 m/s and 
a longitudinal relaxation time of 0.3 s for oil and 3.0 s for 
water is to be measured with good accuracy, magnet dimen 
sions should be (for an external pipe diameter of 40 mm) as 
follows: 

D=1.500 mm 
D=150 mm 
D=12,000 mm 
D=150 mm 

These dimensions, of course, need to be varied if the flow 
parameters change, e.g. average fluid velocity or the 
T-relaxation times of the individual components. 

In the centre of the detection magnets 12 and 14 two 
RF-coils 15 and 16 generating oscillating magnetic fields at 
right angles to the external magnetic field Ho are concentric 
around the pipe 10. They are located at a distance S and S 
from the entrance of the first polarizing magnet 11. The coils 
15 and 16 are connected to corresponding NMR (or EMR) 
detection apparatuses 17 and 18 and form two NMR (or 
EMR) flow sensors. The two NMR (or EMR) flow sensors' 
17 and 18 are connected to a control unit 19 which controls 
the function of the two NMR flow sensors 17 and 18. With 
this control unit a fluid element 20 travelling through the 
pipe can be measured either at position 1 or position 2. 
Important for all the following considerations is that the 
dimensions of this fluid element, in general, are defined to be 
identical with the dimensions of the effective RF field of the 
coils 15 or 16, which excite the nuclei or free electrons of the 
flow for measurement purposes. Because the dimensions of 
the effective RF field of coils 15 and 16 are identical and the 
sensitivity of the NMR (or EMR) detection apparatuses 17 
and 18 is chosen to be the same at both positions 1 and 2, 
the flow sensors give identical readings for fluid magneti 
zation in a zero flow situation allowing the readings of 
magnetization and fluid velocity to be correlated, in a flow 
situation, in an advantageous manner. 
The advantage of using an arrangement of different mag 

nets for fluid polarization and NMR or (EMR) 
measurements, instead of one single magnet block, is an 
economic one. In general, to detect a useful NMR (or EMR) 
signal, a good quality magnetic field needs to be provided by 
the detection magnets 12 and 14. If field gradient methods 
are used, it is desirable to have a very linear gradient along 
the flow direction with an exactly rectangular field distribu 
tion. If alternate flow sensing methods are used, which do 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

8 
not rely on field gradients, it is desirable to have a very 
homogeneous magnetic field in the detection magnets 12 
and 14. This makes detection magnets relatively expensive 
to manufacture. 

For fluid polarization, however, requirements for the 
polarizing magnets 11 and 13 are much lower. If these 
magnets are manufactured to a lower standard with regards 
to their field homogeneity, considerable savings for the 
polarizing magnets 11 and 13 can be made in this invention, 
as these magnets in general need to be much longer than the 
detection magnets. 

Attention is now directed to FIG. 2 of the drawings. FIG. 
2 plots the local magnetic field strength H(s) against the 
distances. The local field strength H(s) is the field strength 
of the external magnetic field a nuclei or free electron 
experiences at distances from the entrance of the magnet 
arrangement of FIG. 1. 

In this invention, the field strength Ho of the two polar 
izing magnets 11 and 13 and the average field strength of the 
two detection magnets 12 and 14 of FIG. 1 are chosen to be 
equal. A possible use of a field gradient for the detection 
magnets causes a slight deviation of H(s) from the average 
field strength Ho, over the sections D and D, as line 25 
illustrates in FIG. 2. However, this deviation can be assumed 
to negligible, and the strength of the local magnetic field 
H(s) in the magnet arrangement at distance s can be regarded 
as constant for two reasons: First, relatively small gradients 
for the detection magnets can be used (e.g. for the phase shift 
method, documented in U.S. Pat. No. 4,536,711, gradients as 
small as 300 mG/cm are adequate for an average field 
strength of Ho-4700 Gauss in the detection magnet). 
Second, the geometrical length of the detection magnets 
along flow direction is small compared to the length of the 
polarizing magnets, so the field strength experienced by a 
fluid element travelling through the magnet arrangement 
will be dominated by the constant field strength. Ho of the 
polarizing magnets. As a consequence, the field strength 
H(s) along the distances can be idealized to be constant as 
depicted by line 26 in FIG. 2. 
As an alternative, homogenous fields can be used instead 

of gradient fields for the detection magnets, if appropriate 
NMR (or EMR) flow sensing techniques used which do not 
rely on gradient fields. In such a case, the local field strength 
H(s) along distance D and D of FIG. 2 is constant and 
equal to the field strength of the polarizing magnets along 
distance D and D, anyway. 

It has been discovered in this invention that the use of a 
magnet arrangement as depicted in FIG. 1 is very advanta 
geous. When the flowing material enters this magnet 
arrangement, a magnetization process starts. To give an 
example, for H-nuclei of a measured water sample, the gain 
of magnetization when brought into an external magnetic 
field Ho can be described by: 

-- (1) 
M(t)= Moi (1 - e il ) 

where M(t) is the magnetization of water in time, Mo the 
equilibrium magnetization of the water sample in thermal 
equilibrium, t the time and T the longitudinal relaxation 
time of Water. 

For reasons of simplicity, the sample of water may be 
contained in the fluid element 20 in FIG. 1. If this fluid 
element 20 moves through the magnet arrangement, the 
linear movement of the flow changes this exponential gain 
of magnetization in time into an exponential gain of mag 
netization along the pipe 10. Provided the fluid velocity v of 
water is a constant, the local magnetic field strength H(s) 
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along the pipeline is constant, and the velocity distribution 
profile is a rectangular one, time t can be substituted with s/v 
resulting in: 

M(s)= Mo (1-evil) 
where M(s) is the magnetization of water at distances, s the 
distance of the fluid element from the entrance of the magnet 
arrangement and v the velocity of the fluid element. 

Equation (2) can also be interpreted to describe the 
magnetization not only for a single fluid element but also for 
the whole flow. A stationary single componentflow produces 
a mono-exponential curve of magnetization along the pipe 
line where the local magnetization M(s) of the flow is 
known at every arbitrary distances from the entrance from 
the magnet arrangement. 

Continuing on with the description, attention is next 
directed to FIG. 3 of the drawings. FIG. 3 plots the gain of 
magnetization M(s) of a fluid element in a two-component 
flow, with substantially different products of velocity v and 
longitudinal relaxation time T, while it is moving along 
distances in the magnetarrangement (sis the distance of the 
fluid element from the entrance of the magnet arrangement). 
The two-component flow may be, as an example, a flowing 
oil/water mixture. 

If a multi-componentflow consists of several components 
with substantially different products of velocity v and lon 

(2) 5 

10 

15 

gitudinal relaxation time T, such as in a flowing oil/water 
mixture, the mono-exponential curve described by equation 
(2) changes into a bi-exponential curve. This is due to 
superposition of two magnetization processes which, in 
essence, happen at different rates for the individual compo 
nents of the flow (in the example, the subscript 1 identifies 
the water component and subscript2 the oil component). An 
illustration of this can be seen in FIG. 3. Both components 
of the fluid element try to reach their equilibrium 
magnetization, indicated as Moi and Mo in FIG. 3, while 
they are travelling along the field of the magnet arrange 
ment. The sum of the equilibrium magnetization Mo and 
Mo is indicated by line 33 of FIG. 3. Since component 1 is 
magnetized at a significantly slower rate, the gradient of 
curve 31, indicating the gain of magnetization for compo 
nent 1, is smaller than the gradient of curve 32, indicating 
the total gain of the total magnetization resulting from both 
components 1 and 2 (the gradients of the curves 31 and 32 
are compared at identical positions). 
By measuring fluid velocity v and fluid magnetization 

M(s) and M(s) at position 1 and 2 (compare FIG. 3) with 
two NMR (or EMR) flow sensors itis possible to analyze the 
unique multi-exponential shape of curve 32 and reconstruct 
the magnetization process for the individual components. 
This in turn, yields the equilibrium magnetization of the 
individual components which provides a measure of the 
individual mass flow rates as will be seen later on. 
Assuming there is no slip between the individual com 

ponents of the flow and the outlined conditions of equation 
(2) are met, the total magnetization. M(s) of the flow at an 
arbitrary distances can be, similar to equation (2), expressed 
3S 

- - (3) 

M(s) = Mo1 (1-e 11 ), Moz (1 - e v2 ) 

where Mo is the equilibrium magnetization of the second 
component in a measured fluid element, and T the longi 
tudinal relaxation time of the second component (oil, in this 
example). 

Equation (3) is a general equation and describes the local 
magnetization M(s) of a fluid element for every positions 

30 

35 

45 

50 

55 

65 

10 
along the pipe. The magnetization in the effective RF-field 
of the NMR (or EMR) sensors at position a and position 2, 
in particular, can be expressed as, 

s s 

M(s)= Mol (1 - e 'T11) + Mo (1-e Y2 ) 
and 

(4) 

a. 2 - (5) 

M(s)= Moi (1-e vii ) + Mo (1-e vi2) 

where s is the distance from the entrance of the magnet 
arrangement to the effective RF-field of the flow sensor at 
position 1, and s is the distance from the entrance of the 
magnet. 
The equation system of equ. (4) and (5) can be solved in 

order to determine the values of the equilibrium magneti 
Zation Mo and Mo: 

- 2 -- (6) 
Moi = M(s) (1-e Ti2)-M(s) (1 -e vi2) 
0. 2 s2. F. 

(1-v Til (1-v Ti2)-(1-ev Til (1-ev 'z, 
- 2 --- (7) 

Min = M(s) (1-e y T11) - M(s) (1-e vil. ) 
02 J. s 2 F1 

(1-v Tiz (1-evil-(1-cv tie (1-v Til) 
A calculation of Mo and Mo, based on the measured 

values of magnetization M(s), M(s) and velocity v is 
possible if following conditions are met: 

During the "blow out time" (=time to exchange com 
pletely the enclosed fluid volume in the magnet 
arrangement with fresh material) any change in the 
concentrations of the components and the fluid velocity 
has to be small enough to be neglected. 

The distances s and s of the NMR (or EMR) flow 
sensors from the entrance of the magnet arrangement 
have been determined previously. 

Also, a preliminary calibration process has been carried 
out to determine the longitudinal relaxation times T. 
and T2 of the individual components for the specified 
field strength Ho. 

Determining the equilibrium magnetization Mo and Mo 
of the individual components is advantageous because these 
values can be converted into mass flow rates: 
Mo is proportional to the number of nuclei (or free 

electrons) embedded in component 1 of the measured fluid 
element, and Mo is proportional to the number of nuclei (or 
free electrons) embedded in component 2 of the measured 
fluid element. For fluids, the number of nuclei (or free 
electrons), in a reference volume, generally is a constant. 
The number of nuclei in a reference volume, also can be 

associated with the number of molecules within that refer 
ence volume, for a substance of given chemical structure. 
The number of molecules, in turn, can be associated with the 
mass of the substance enclosed in that reference volume. 

Hence, it follows, that the equilibrium magnetization Mo 
and Mo is a measure of the mass of each component present 
in the measured fluid element. Together with the velocity 
value v. Mo and Mo can be converted easily into mass flow 
rates by means of suitable calibration factors c and c; 

(8) on 1 
-- = cMov 
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-continued (9) 
d d 
---cMov st clow 

Attention is next drawn to FIG. 4 which shows an 
advantageous modification of the measurement apparatus of 
FIG.1. So far, method and apparatus for measurement of the 
individual mass flow rates of a two-component flow were 
described. The apparatus, however, could also measure a 
flow with more than two components, provided the product 
of velocity v and longitudinal relaxation time T is substan 
tially different for each component of the flow. Only addi 
tional NMR (or EMR) flow sensors, at least one for each 
component, need to be added at a suitable position along the 
pipeline. In FIG. 4, three NMR flow sensors 41, 42 and 43 
connected to a control unit 49, and three polarizing magnets 
44, 45 and 46, together with a non-magnetic pipe 48, were 
arranged to measure a three-component flow. There is no 
limit to the number of components in the flow, so this in fact 
could also be n flow sensors and n polarizing magnets to 
measure a multi-component flow with n components. The 
algorithm for the quantitative determination of the indi 
vidual mass flow rates is similar to the one previously 
described, except that the equation system of two equations 
4 and 5, with two unknowns, turns into an equation system 
of n equations with n unknowns. 

Another advantageous modification of the apparatus of 
FIG. 1 is to add another polarizing magnet 47, of suitable 
length, at the end of the magnet arrangement of FIG. 4. This 
modification makes the measurement apparatus symmetrical 
and allows the measurement of a multi-component flow in 
both flow directions, as will be illustrated with the graphs of 
F.G. 5 and FG, 6. 

Attention is next directed to FIG. 5 which plots the gain 
of magnetization M(s) of a fluid element in a multi 
component flow consisting of n components while it is 
moving along distances in main flow direction (distances 
in this case, is measured from the left entrance of the magnet 
arrangement of FIG. 4). As the product of velocity v and 
longitudinal relaxation time T is substantially different for 
each component of the flow, the magnetization curve 50 of 
FIG. S has a multi-exponential shape. This is due to super 
position of magnetization processes which, in essence, hap 
pen at different rates for the individual components of the 
flow. The gain of magnetization of component 1 is indicated 
by curve 52, the resulting gain of magnetization of compo 
ment 1+2 is indicated by curve 53, and the total gain of 
magnetization of all components is indicated by curve 50. 
The individual components of the flow try to reach their 

equilibrium magnetization Mo, Moz. . . . , Mo, while they 
are moving along field of the magnet arrangement. The total 
sum of the equilibrium magnetization Mo, Mo, . . . , Mo, 
is indicated by curve 51. Similar to the previously described 
algorithm, the equilibrium magnetization Mo, Mo. . . . , 
Mo can be determined by measuring the flow at n positions 
along the pipeline with the apparatus of FIG. 4. With the 
values of M(s), MCs), . . . , M(s) and V, measured at 
position 1, 2, . . . , n in the magnet arrangement, the 
individual mass flow rates can be calculated similar to the 
equations (6)–(9). Important is only that the corresponding 
values for the distances, s. . . . , s are referred from the 
left entrance of the magnet arrangement. 

Attention is next directed to FIG. 6 which plots the gain 
of magnetization M(s) of a fluid element in a multiphase 
flow of n components while it is moving along distance s in 
reversed flow direction (distances in this case, is measured 
from the right entrance of the magnet arrangement of FIG. 
4). The total equilibrium magnetization of all components is 
indicated by curve 61. 
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Similar to FIG. 5, the magnetization curve 60 has a 

multi-exponential shape since the product of velocity v and 
longitudinal relaxation time T is substantially different for 
each component of the flow. In fact, the curve 60 indicating 
the total gain of magnetization of all components is only a 
mirror image of curve 50 of FIG.S. Curve 62 (indicating the 
gain of magnetization of component 1) and 63 (total gain of 
magnetization of component 1-2) of FIG. 6 are also a mirror 
image of curve 52 and 53 of FIG. 5. 

Identical to procedure described for the main flow 
direction, the equilibrium magnetization Mo1, Moz. ..., Mo, 
and the individual mass flow rates can be determined in the 
same way. The only difference is that in reversed flow 
direction the values for the distance s, s. . . S. C 
referred from the right entrance of the magnet arrangement 
of FG, 4. 
With such a modified procedure for data evaluation, 

multiphase flow can be measured in both flow directions. 
This is of particular importance if the multi-component flow 
consists of compressible components, such as an additional 
gaseous component. In such a flow, longitudinal oscillations 
in the pipe system are induced which can reverse the flow 
direction for a fraction of the pulsation period. The sym 
metrical design of the measurement apparatus ensures that 
not only the material flowing in the main direction is 
measured correctly but also the material flowing backwards. 
In such a flow situation, the correct total flow of the 
individual components can is obtained by integrating the 
individual mass flow rates, for both flow directions, over the 
corresponding time period and subtracting the back flowing 
mass flow from forward flowing mass flow. 

Principally, there are many NMR (or EMR) sensing 
techniques capable of measuring fluid magnetization and 
velocity of the flow simultaneously, and the multi 
component flow meter of FIG. 4 could be built in various 
ways. In this invention, virtually any NMR (or EMR) 
sensing technique is technically viable, as long as it mea 
sures fluid magnetization and fluid velocity with n flow 
sensors at n positions in a magnet arrangement similar to 
F.G. 1 and FG, 4. 

For illustration purposes, the invented measurement appa 
ratus of FIG. 1 and FIG. 4 is based on the phase shift of a 
Hahn spin-echo in a gradient field. Some of the details are 
recaptured briefly from U.S. Pat. No. 4,536,711. It is fun 
damental for the method that the frequency of the magnetic 
resonance signal changes proportionately to field intensity. 
In a fixed gradient, the change of the emitted NMR or EMR 
frequency signal is a linear function of flow velocity. 

Attention is next directed to FIG. 7 of the drawings which 
shows the magnetization vector 70 of a spin-echo in a 
rotating frame of reference. 
With a suitable excitation pulse (for example a 90 pulse), 

a volume of material of the flow can be activated for 
measurement. After time t, the spins of the selected acti 
wated volume are refocussed with, for example, a 180° 
pulse. If the spin-echo, occurring after 2, is sampled with 
a two channel receiver, the reference frequency of the two 
channels 73 and 74 being out of phase, e.g. by 90, infor 
mation on phase and amplitude of the NMR or EMR signal 
is obtained, 

If the excited volume has moved along a field gradient 
during time 2, the magnetization vector 70 of the spin-echo 
will show a different phase compared to a stationary excited 
volume, represented by magnetization vector 71. In a linear 
gradient, the phase shift 72 is proportional to flow velocity, 
thus giving a measure of flow velocity. The amplitude of the 
magnetization vector 70 give a measure of flow magnetiza 
tion M. 
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Alternatively, the flow magnetization M can also be 
measured by determining the peak of the FID signal fol 
lowing the initial excitation pulse. 

Aparticular advantage of using this flow sensing method 
is the fact that the phase shift of the NMR signal of the 
refocussed volume can be either positive or negative to the 
reference frequency of the excitation pulse, depending on 
flow direction. In that way, phase shift techniques not only 
yield the fluid magnetization and flow velocity but also the 
direction of the flow. This is particularly useful for a 
multi-component flow meter which is to measure in both 
flow directions as illustrated in the design of FIG. 4 of the 
drawings. 

Attention is next directed to FIG. 8 which is to illustrate 
the function of the control unit of the apparatus in FIG. 4. 
FIG. 8 shows a schematic block diagram of an arrangement 
of several NMR (or EMR) flow sensors 80, 81, 82 connected 
to a control unit 83 via conductors 88, 89,90,91, 92 and 93. 
The control unit 83, in turn, comprises a storage unit 84, an 
arithmetic processor 85, a time base 86 and a summation 
circuit 87. 

In an arrangement of several NMR (or EMR) flow 
sensors, generally, there is the possibility of signal interfer 
ence between the RF-coils of the flow sensors. They are 
physically aligned with one another and can be close, 
depending on the design. There is a risk of transmitting 
signals from the one coil to the neighbouring coils and vice 
versa. If the coils are long and have many turns, the risk of 
coil interference is increased. An interlaced operation is 
preferable to avoid direct coupling between the two coils. 
Principally, following conditions have to be met: 
When one transmitter of the NMR (or EMR) flow sensors 

is on, all other transmitters are off. 
The receiver of any NMR (or EMR) flow sensor can only 

be on if all transmitters are off to prevent any overload of the 
receiver units. 

In practice, for the operation of the multi-component flow 
meter, following measurement procedure is suggested: 
The control unit 83 with time base 86 sends a trigger 

signal to flow sensor 80 via conductor 88. Flow sensor 80 
starts measuring by turning on its transmitter and irradiating 
a fluid element with one or several RF-pulses. The 
RF-pulses are ended by turning off the transmitter after the 
pulse time (usually a couple of us). After some dead time has 
elapsed after each pulse, the receiver of flow sensor 80 is 
enabled, and the FID or spin echo are sampled in sensor 80. 
Then, the sampled data on flow (which can be the raw signal 
or explicitly fluid velocity v and fluid magnetizationM) is 
transferred to the storage unit 84 of control unit 83 via 
conductor 93. After the measurement cycle has been com 
pleted control unit 83 can trigger the next flow sensor 81 for 
measurement, and so on. 
The sampled data of the flow sensors 80, 81 and 82 stored 

in storage unit 84 can be accessed by the arithmetic proces 
sor 85 for data evaluation. Based on the discussed 
algorithms, it calculates the instantaneous mass flow rates of 
the individual components of the multi-component flow. 
With the time base 86 and a summation circuit 87 these 
instantaneous flow rates can be integrated to give the total 
mass flow of the individual components of the multi 
component flow. 
A more elegant way of operating the multi-component 

flow meter in the same interlaced mode is shown in FIG. 9. 
Similar to FIG. 1 and FIG. 4, an arrangement of several 
polarizing magnets 100,102,104,106, 108, 110 and several 
detection magnets 101, 103, 105, 107, 109 houses a non 
magnetic pipe 128. Around the pipe 128 several RF-coils 
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111, 112, 113, 114 and 115 are winded and placed at 
corresponding positions in the detection magnets 101, 103, 
105, 107, 109. These coils, in turn, can be connected to a 
NMR (or EMR) detection apparatus 121 via cables 116,117, 
118,119 and 120, and interrogate the multi-component flow 
for fluid magnetization and velocity at several positions in 
the pipe. 

Because it is desirable to operate the coils in an interlaced 
mode anyway, only one NMR (or EMR) detection apparatus 
121 is sufficient to perform the same task as several NMR 
(or EMR) detection apparatuses of FIG. 1 or FIG. 4. By 
connecting the NMR (or EMR) detection apparatus 121 
periodically to the individual coils for measurement, signifi 
cant savings for the electronic circuitry of the magnetic 
resonance detection apparatus can be made; especially if the 
multi-component flow meter houses very many coils. 
With this advantageous modification, individual mass 

flow rates of a multi-component flow can be measured in 
very similar manner as previously described in FIG. 8. 
Again, a control unit 122 with time base 126 sends a trigger 
signal to the NMR (or EMR) detection apparatus 121 via 
conductor 129. The flow sensor, consisting of the NMR (or 
EMR) detection apparatus 121 and a connected RF-coil in 
the corresponding detection magnet, starts measuring by 
generating the desired pulse sequence. After the appropriate 
dead time, the detection apparatus samples the FID and the 
spin-echo. Then, the sampled data on flow (fluid magneti 
zation M and fluid velocity v) is transferred to the storage 
unit 124 of the control unit 122 via conductor 130. This data, 
in turn, can be accessed by the arithmetic processor 125. 

After a completed measurement cycle, switch unit 123 
connects another RF-coil to the NMR (or EMR) detection 
apparatus 121 for measurement, and so on. 
After sufficient readings of velocity and fluid 

magnetization, at different positions in the flow, have been 
taken the arithmetic processor calculates the instantaneous 
mass flow rates of the individual components based on the 
algorithms discussed. With the time base 126 and a sum 
mation circuit 127 these instantaneous mass flow rates can 
be integrated to give the total mass flow of the individual 
components of the multi-component flow. 
What I claim is: 
1. An apparatus for measuring individual mass flow rates 

of fluid components of a multi-component flow wherein the 
flow consists of at least two components each with different 
products of flow velocity and longitudinal relaxation time; 

said apparatus comprising a pipe of non-magnetic mate 
rial; 

at least a first and a second polarizing magnet means 
external of said pipe for forming a magnetic field 
perpendicular to the flow direction along the pipe; 

at least a first and a second detection magnet means 
located external of said pipe with one detection magnet 
between two polarizing magnet means; 

at least a first and a second RF-coil placed in the filed of 
a detection magnet and disposed at right angles to the 
field direction and wound around the non-magnetic 
pipe; 

a magnetic resonance detection apparatus operatively 
connectable to each said coil, the apparatus detecting 
magnetization and velocity of the flowing material; 

means for selectively initiating operation of each said 
magnetic resonance detection apparatus; and 

means for measurement of, and for collecting, storing and 
evaluating information on velocity and magnetization 
of each magnetic resonance detection apparatus, 



5,684.399 
15 

thereby to compute the mass of flow on the individual 
components of the flow. 

2. The apparatus according to claim 1, wherein the 
arrangement of detection and polarizing magnets extends 
along a length of the pipe sufficient to produce a multi 
exponential gain of magnetization along the length of the 
non-magnetic pipe. 

3. The apparatus according to claim 1, wherein the 
arrangement of detection and polarizing magnets extends 
along a length of the pipe sufficient to give substantial 
saturation when the multi-component flow exits the appa 
ratus. 

4. The apparatus according to claim 1, wherein the 
magnets are located at spaced positions along the pipe, 
thereby to allow sampling of the multi-exponential magne 
tization curve with good resolution. 

5. The apparatus according to claim 1, wherein the 
detection magnets house said RF-coils. 

6. The apparatus according to claim 1, wherein the 
magnetic resonance detection apparatus is NMR (nuclear 
magnetic resonance) detection apparatus. 

7. The apparatus according to claim 1, wherein the 
magnetic resonance detection apparatus is EMR (electron 
magnetic resonance) detection apparatus. 

8. The apparatus according to claim 1, wherein a time 
base is supplied to control each of a plurality of magnetic 
resonance detection apparatuses, so that only one may be 
operated at any instant. 

9. The apparatus according to claim8, wherein the means 
to control the detection apparatuses reads in the magnetic 
resonance data containing information on flow velocity and 
magnetization after the measurement procedure of an indi 
vidual magnetic resonance detection apparatus has been 
completed. 

10. The apparatus according to claim 8, wherein the 
control means includes means for storing the magnetic 
resonance data of the individual magnetic resonance detec 
tion apparatuses. 

11. The apparatus according to claim 8, wherein the 
control means comprises a processor to calculate, based on 
velocity and magnetization readings, the instantaneous mass 
flow rates of the individual components of the flow. 

12. The apparatus according to claim 11, wherein the 
processor is an arithmetic processor. 

13. The apparatus according to claim 8, wherein the 
control means comprises a time base to integrate the instan 
taneous mass flow rates yielding the total flow from the 
individual components. 

14. An apparatus for measuring individual mass flow rates 
of fluid components of a multi-component flow, irrespective 
of flow direction, and wherein the flow consists of n com 
ponents each with a different product of flow velocity and 
longitudinal relaxation time; 

said apparatus comprising a pipe of a non-magnetic 
material; 

n+1 polarizing magnet means external of said pipe for 
forming a magnetic field perpendicular to the flow 
direction along the pipe; 

n detection magnet means located external of said pipe 
with one detection magnet means between two polar 
izing magnet means; 

n RF-coils each placed in the field of one detection 
magnet and disposed at right angles to the field direc 
tion and wound around the non-magnetic pipe; 

magnetic resonance detection apparatus operatively con 
nectable to each said coil, the apparatus detecting 
magnetization and velocity of the flowing material; 
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switch means for connecting periodically each RF coil to 

said magnetic resonance detection apparatus; 
control means for selectively triggering operation of said 

magnetic resonance detection apparatus means for 
measurement of, and for collecting, storing and evalu 
ating information on velocity and magnetization of said 
magnetic resonance detection apparatus, thereby to 
compute the mass of flow of each of the individual 
components of the flow. 

15. The apparatus according to claim 14, wherein the 
arrangement of detection and polarizing magnets extends 
along a length of the pipe sufficient to produce a multi 
exponential gain of magnetization along the non-magnetic 
plpe. 

16. The apparatus according to claim 14, wherein the 
arrangement of detection and polarizing magnets extends 
along a length of pipe sufficient to give substantial saturation 
when the multi-component flow leaves the measurement 
apparatus. 

17. The apparatus according to claim 14, wherein the 
detection magnets are located at spaced positions along the 
pipe to allow the sampling of the multi-exponential magne 
tization curve with good resolution. 

18. The apparatus according to claim 14, wherein said 
detection magnets house said RF-coils. 

19. The apparatus according to claim 14, wherein the 
means to control the detection apparatus reads in the mag 
netic resonance data containing information on flow velocity 
and magnetization after the measurement procedure of an 
individual magnetic resonance detection apparatus has been 
completed. 

20. The apparatus according to claim 14, wherein the 
control means includes means for storing the magnetic 
resonance data of the individual magnetic resonance detec 
tion apparatuses. 

21. The apparatus according to claim 14, wherein the 
control means comprises a processor to calculate, based on 
the velocity and magnetization readings, the instantaneous 
mass flow rates of the individual components of the flow. 

22. The apparatus according to claim 21, wherein the 
process is an arithmetic processor. 

23. The apparatus according to claim 14, wherein the 
control means comprises a time base to integrate the instan 
taneous mass flow rates yielding the total flow from the 
individual components. 

24. The apparatus according to claim 14, wherein the 
magnetic resonance detection apparatus is NMR (nuclear 
magnetic resonance) detection apparatus. 

25. The apparatus according to claim 14, wherein the 
magnetic resonance detection apparatus is EMR (electron 
magnetic resonance) detection apparatus. 

26. A method of determining an individual mass flow rate 
of each fluid component of a multi-component flow wherein 
the flow consists of at least n components each with a 
different product offlow velocity and longitudinal relaxation 
time; 

the method comprising the steps of creating a magnetic 
field, perpendicular to the flow direction, the field 
having a pre-determined substantially constant field 
strength; 

generating a multi-exponential gain of magnetization for 
any one of the components of the flow along the main 
flow direction of magnetizing the on-coming multi 
component flow until the components of the flow are 
substantially saturated; 

providing n RF-coils and n detection magnets; 
providing a magnetic resonance detection apparatus peri 

odically operatively connectable to each said coil to 
interrogate the multi-components flow at any one 
instant; 
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measuring magnetization and flow velocity of n flowing 
elements of interest at n positions; 

the measured data of flow velocity and magnetization 
being dependent on the flow rates and composition of 
flow, whereby individual mass flow rates of individual 
components may be calculated. 

27. A method according to claim 26, wherein the calcu 
lated equilibrium magnetizations of the individual compo 
nents of the flow provides a measure of the mass concen 
trations of each component of the flow. 

28. A method according to claim 26, wherein the product 
of velocity and equilibrium magnetization of the individual 
components provides a measure of the instantaneous mass 
flow rate of each individual component of the flow. 

29. Amethod according to claim 26, wherein the measure 
of the instantaneous mass flow rates of the individual 
components of the flow is integrated to provide a measure of 
the total flow. 
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30. A method according to claim 26, wherein the method 

includes the step of generating a multi-exponential gain of 
magnetization for an element of interest in the magnet 
arrangement, against the main flow direction, by magnetiz 
ing the back flowing multi-component flow until the com 
ponents of the flow are substantially saturated. 

31. A method according to claim 30, wherein the product 
of velocity and equilibrium magnetization of the individual 
components provides a measure of the instantaneous mass 
flow rates of the backflowing individual components of the 
flow. 

32. A method according to claim 31, wherein the measure 
of the instantaneous mass flow rates of the individual 
components of the flow is integrated to provide a measure of 
the back flowing total flow. 


